The polycyclic Ogcheon belt of South Korea represents the boundary between two Precambrian blocks. Investigation on the timing and kinematics of the block agglomeration is of considerable bearing on the understanding of the constitution of the Asian continent. We report here structural evidence showing that the earlier tectonic event dates back to early middle Paleozoic (the "Ogcheon tectonism" or "orogeny"). The ductile piling up of nappes of the Ogcheon belt corresponds to an intracontinental orogeny involving the opening and the subsequent closure of an aborted rift and not of a wide oceanic area. The nappes contain unequivocal evidence for ductile shearing with a northwest over southeast sense of movement. Field evidence includes the presence of S 1 and S 1-2 foliations bearing an extensive stretching lineation perpendicular to the belt, associated with a strongly noncoaxial deformation regime. The F1 isoclinal folds are commonly "A type" and sheath folds whose axes are parallel to the stretching lineation, whereas the southeast facing F2 recumbent folds have subhorizontal axes parallel to the belt. All lines of evidence (unconformity, superposed deformations, age of the metamorphism, etc...) imply that the D 1-2 "Ogcheon tectonism" is pre-middle Carboniferous (Late Silurian-Early Devonian). The subsequent Indosinian (Middle Triassic) F3 upright synfolial folds that trend NNE-SSW and later structures clearly overprint the middle Paleozoic ductile thrusts and isoclinal folds. The early Paleozoic Ogcheon Supergroup is formed of a thick volcanosedimentary pile deposited above an early platform sequence in a rift basin. On the basis of the geochemical characteristics of the metavolcanics, it appears that oceanization did not occur and Ogcheon rift aborted soon after it was formed. We suggest that middle Paleozoic ductile nappe structures have been formed by the structural inversion of the rift extensional features. During the ductile stacking episode, the early formed foliation and isoclinal folds have been folded in a continuum during the same tectonic event. Middle
INTRODUCTION
The Phanerozoic buildup of Asia is still a matter of debate, and tracing the suture zones within the Asian continent is a major goal for many geologists. Concerning the Qinling belt of central China, some authors consider that the suture between North China (or Sino-Korean) and South China (or Yangtze) blocks is middle Paleozoic in age [Huang, 1978; Zhang et al., 1984; Mattauer et al., 1985 , Xu et al., 1986 or late Paleozoic [Wang et al., 1982] ; others claim its age to be early Mesozoic [Klimetz, 1983; Seng6r, 1985; Hsii et al., 1987] . Whether the Qinling suture continues east of the Yellow Sea and crosses the Korean peninsula is an important clue for the knowledge of east Asia.
In spite of its limited size, the Korean peninsula is a patchwork of small crustal blocks divided by Phanerozoic mobile belts (Figure l a) . Until recently very little was known about the tectonic and geodynamic evolution of these belts. The Nangrim-Pyeongnam block of North Korea is formed of Archaean to middle Proterozoic high-grade metamorphic rocks unconformably overlain by Sinian to Middle Ordovician deposits that represent the eastern extension of the North China platform [Kobayashi, 1953] . Its southern boundary with the Gyeonggi block is the Imjingang belt, formed of early Paleozoic metasediments unconformably covered by Carboniferous deposits [Lee, 1964] .
In South Korea, the Ogcheon belt forms the boundary between the Archaean to middle Proterozoic Gyeonggi block to the northwest and the Ryeongnam block of the same age to the southeast [ Figure lb ]. The Ogcheon belt was previously thought to be formed of late Proterozoic nonfossiliferous formations (the Ogcheon System, or Group of previous authors) [Nakamura, 1923] uncomformably overlain by an early Paleozoic platform sequence (the Joseon Supergroup), in turn discomformably covered by middle Carboniferous-Early Triassic coal bearing formations (the Pyeongan Group) [Inoue, 1907; Reedman and Urn, 1975; Na, 1986; Kim, 1970; Kim et al., 1986] .
It is widely accepted that Middle Jurassic tectonism (Daebo orogeny) is the most dominant orogeny related to the formation of Ogcheon belt. This view is supported by the widespread occurrence of "Jurassic" granites along the strike of the Ogcheon belt, and a model of Jurassic collision between two continental blocks (the Ryeongnam and Gyeonggi blocks) has been proposed for a long time [Kim, 1970] . A discussion on the role of the Jurassic tectonism is beyond the scope of this paper; nevertheless, it is worth noting that ( [Kobayashi, 1953 [Kobayashi, , 1966 and therefore has no direct relationship with the units located to the northwest of the fault. This block was originally connected to the Pyeongnam block of North Korea and brought to its present position as a result of major pre-Jurassic dextral motion [Cluzel et al., 1991a ].
The Iwharyeong, Poeun, and Turung San units display a characteristic association with (1) a basal prerift platform sequence composed of limestone, quartzite, and mudstone or carbonaceous mudstone and (2) a syn-rift sequence characterized by volcanics and diamictites. The three previously mentioned tectonic units represent a transitional domain located between the outer shelf (the Yeongweol sequence) and the deep basin area (the Chung Ju and Pibanryeong units) (Figures 3 and 4) . This transitional domain displays the characteristics of a wide extensional margin where synsedimentary faulting occurs. The diamictites originated as submarine debris flows [Chough, 1981] The most suitable dam are provided by the schistose diamictites where stretched pebbles unambiguously record the earliest deformations. The quartzite/schist intercalations at the base of the sequence are also good tectonic markers especially for medium scale folding. In contrast, the early structures in most of metapelitic terranes (schists, mica schists and low-grade gneisses) are transposed and become hardly decipherable.
On the contrary, the thick memdoleritic or metagabbroic amphibolites are often devoid of any tectonic foliation; in addition, they have provided Triassic 39Ar/40Ar ages [Lee, 1988] . Consequently, they have sometimes been misinterpremted as early Mesozoic post-tectonic intrusives; actually, the dated amphiboles are metamorphic hornblendes that may be related to the Middle Triassic tectonometamorphic event. A careful examination reveals that the amphibolite bodies are located approximately at the same stratigraphic level throughout the belt; in addition, they display foliated margins and boudin structures at a larger scale and therefore appear as pretectonic.
D1-2 First Stage Continuum
3.1.1. D1 structures. The first observable deformation is characterized by the regional S 1 foliation, L 1 stretching linearion and F1 isoclinal folding. The D 1 structures are well documented in the Iwharyeong and Poeun units that are located in the medium part of the nappe pile ( Figure 2 ). The S 1 foliation and the associated stretching lineation appear to be closely related to the ductile thrusts that limit the main tectonic units of the Ogcheon Supergroup. The intensity of the D 1 deformation significantly increases in the vicinity of the main thrusts and also from the SE to the NW, i.e., from the bottom to the medium part of the nappe pile. This feature has been already noticed by some authors (see, for example, Lee and Kim [1988] ). It was interpreted as a result of strain attenuation in the hinge of a large-scale recumbent fold; such an interpretation is not consistent with F1 hinge location and bulk geometry of sharp F1 folds; it is better accounted for by the strain attenuation toward the front of a large thrust sheet. In the parautochthonous Yeongweol sequence, the early deformations are weak and severely overprinted by D3 (Indosinian) tectonism [Cluzel, 1989b] . The S2 regional foliation is the most prominent regional feature and was often misinterpreted as S 1. In the hinge zones or in the NW normal limbs of the F2 folds, S2 is commonly a NW dipping strain slip cleavage that clearly cuts across the S 1, whereas in the overturned southeastern limbs, S2 often transposes S 1 or SO-1 ( Figure 9 ). Locally (i.e., to the south and to the NE of Chung Ju] (Figure 2) S0-1 is transposed by S2 at a regional scale. In such areas, the regional S surface is a composite foliation noted SO-1-2. In the schistose diamictites, the stretched limestone and shale clasts are cmnulated and microfolded ( Figure 10) whereas the quartzite pebbles display complex shapes due to the superimposed deformations ( Figure 11 ). On the S 1-2 transposed foliation, the stretching axis related to the composite L1-2 stretching lineation remains in the same orientation. In particular, asymmetric quartz pressure shadows developed around Dl-mlated biotite porphyroblasts have the same NW-SE strike as the stretched pebbles in the diamictites and also indicate SE directed shear (Figures 8i and 8j) . Therefore it may be inferred that D2 is not related to a distinct tectonic event and that D 1 and D2 deformations are in a continuum (12)1-2). S 1 and related isoclinal F1 folds were generated by a shearing deformation process during the ductile nappe emplacement and formed an acute angle with respect to the general attitude of bedding (SO); owing to intense flattening and stretching, S 1 progressively transposed SO and became almost parallel to the shearing plane. Therefore, a new foliation (S2) that formed an appropriate angle with respect to the shearing plane ( Figure 12 ) was generated together with F2 folds during a continuous progressive deformation.
. An unconformity between Ordovician limestones and middle Carboniferous deposits (Gabsan formation) has been noticed for a long time by mapping geologists between Jecheon and Yeongweol [Geological
Nevertheless, it appears that the shear strain related to D2 is far less intense than that of D 1. The D2 deformation regime corresponds to a moderate subhorizontal shearing combined with a predominant flattening (oblate strain). The intensity of the D2 as well as the D 1 deformations increases from the NE to the SW, along the strike of the belt, and from the bottom to the top of the nappe pile. The S2 folia-tion is almost lacking in the Iwharyeong nappe north of Mungyeong which is a S0-1 monocline. On the contrary, it is well expressed in the central part of the Poeun unit, especially between Poeun and Miweon (Figures 13 and 14) . In the uppermost Pibanryeong nappe, the S2 foliation with a NE-SW strike is apparently lacking; nevertheless, a careful examination of the basal part reveals that S 1 in this unit has the same attitude and was generated during the same time as S2 in the underlying units that are located in medium part of the nappe pile (Chung Ju and Poeun units). Consequently, the nappes appear to have been piled up sequentially from the bottom to the top of the stack, i.e. from SE to NW. The emplacement of the uppermost units was likely contemporaneous with the folding of the early thrusts in the medial part of the belt. Besides, the lowermost Iwharyeong and Yeongweol units that underwent a lesser amount of shearing deformation remain almost undisturbed by F2 folding (Figure 15 ).
D3 and D4 Tectonic Overprint
At a regional scale, S 1 or S 1-2 and occasionally F1 or F2 are folded by F3 and F4 folds which also result in the scattering of the L1 (or L1-2) stretching lineation (Figures 13 and 16) . The F3 folds originally strike N20øE on average, and they are responsible for the NNE-SSW regional trend of the NE part of the Ogcheon belt [Barrier et al., 1989; Cluzel, 1989b ]. In the central Ogcheon belt, the axial plane foliation of the F3 folds is commonly a strain slip cleavage (S3) dipping 70 ø to the ESE on average that cuts across S 1, S2 or S 1-2. As an effect of the F3 flexural folding, the strike of the L1 linearion is changed from NW-SE to NNE-SSW in the western overturned limbs of the F3 folds (Figure 13) . The D3 microstructures usually indicate WNW vergence. Locally (near Koesan, 30 km SW of Chung Ju), the L 1-2 stretching lineation has been rubbed out and L3 stretching linearion develops with a ESE-WNW strike. L3 is mainly composed of quartz-chlorite pressure shadows developed around inherited D1 gamer porphyroblasts. On thin sections perpendicular to S3 and parallel to L3, asymmetric pressure shadows indicate an incipient shearing with an east over west sense of movement, whereas unarranged inclusions of the garnet porphyroblasts indicate that garnet is not synkinematic with S3 (Figure 17a and 17b) . In contrast, when observed in sections perpendicular to the composite S 1-3 foliation and parallel to the direction of the inferred L1 lineation (that is NW-SE), helicitic inclusions reveal a NW over SE rotation (Figure 17c ) obviously corresponding to D 1 or D 1-2.
Locally, synkinematic to postkinematic andalusite porphyroblasts (Figure 17d ) and minor sillimanite associated with S3 postdate S 1-2 and reveal that D3 was developed in low pressure metamorphic conditions. Therefore it is almost everywhere possible to distinguish S3 from S2 or S1-2.
In low-dip areas, especially in northwestern normal limbs of the F1-F2 folds and in the absence of F3 folds, D4 resulted in broad, south facing, F4 gentle folds; in such cases, the strike of L 1 remains in the same orientation. In contrast, in areas affected by F3 folding, the average pro-D4 bedding/foliation attitude originally strikes NNE-SSW and steeply dips to the WNW or to the ESE; therefore D4 resulted in the bending of the steeply dipping regional beddingdfoliation into broad F4 folds with subvertical axes.
An example of a large scale interference structure due to the superimposition of D 1-2, D3, and D4 events, is well exposed in the Busan gneiss dome area ( 19d and 19e) . The stretching lineation in the metasedimentary cover of the dome and the F1 axes are parallel to the lineation within the dome itself; both are obviously related to the D1-2 t•tonism. As an eff•t of doming, the relative movement along the low-dip L1 or L1-2 mineral/stretching lineation has been inverted and became apparently left lateral in the WNW flank of the dome (Figure 19a ) and right lateral in the eastern flank (Figures 19b and 19c) with an average dip of 30 ø to the south. (Figures 18a and 18c) . 
EVIDENCE FOR A MIDDLE PALEOZOIC TECTONIC PHASE IN THE OGCHEON BELT: THE "OGCHEON TECTONISM"

The late Paleozoic Pyeongan Group is formed of a threefold sequence composed of (1) paralic formations at the base (reddish shale and sandstone and thin bioclastic platform limestone) (upper middle Carboniferous to Early Permian), (2) limnic coal-bearing shale and sandstone in the middle part (Middle Permian), and (3) thick terrestrial siliclastic rocks in the upper part (Upper Permian to Lower Triassic). The low subsidence rate and uniform platform conditions that prevailed in late Paleozoic times sharply contrast with the "basinal" setting of early Paleozoic deposits (Ogcheon Supergroup). In addition, evidence for large neighboring emerged areas is provided by terrigenous material supply throughout the sequence.
As the Pyeongan Group is now restricted to the slightly deformed foreland of the early Paleozoic orogen, it never directly overlies the D 1-2 thrust contacts at outcrop. Therefore, although previous structural studies provided some evidence for A-A'  and B-B', location of profiles, Figure 14. (B) Sketch map of the same area (Mesozoic granites omitted) . 1, Precambrian basement; 2, Early Paleozoic; 3, restored bearing and relative motion along the L 1-2 stretching lineation prior to D3. [Sino-Korean] platform [Cluzel, 1989a] The occurrence of unconformity and distal basal conglomerate Fig. 17 (continued) reveals that in contrast with previous interpretations of the Ogcheon belt, a tectonic phase took place before the Middle Carboniferous.
Post-Middle Silurian Paleogeographic Evolution
Until recently, the Paleozoic deposits in Korea were as a whole attributed to a platform environment [Kobayashi, 1953] , therefore no major paleogeographic change was supposed to occur during the Cambrian-Triassic period [Kobayashi, 1953; Reedman and Urn, 1975] , 1989] imply that the early and late Paleozoic paleogeographies were quite different.
According to the paleogeographic model described above, the early Paleozoic formations display important lateral variations of facies related to different depositional and structural settings in the rift (see section 2). The huge debris flow deposits and associated alkalic or transitional tholeiitic volcanics are the most prominent features of the Ogcheon basin. They are clearly related to a major taphrogenic event, and mass flow sedimentation was likely generated by slope instability related to block tilting along large normal faults; in addition, the generation of large amounts of basic lavas in an intracontinental setting may be due to a mantle/thermal anomaly implying significant crustal thinning [Cluzel et al., , 1990 ].
In contrast, the middle Carboniferous transgression started over a wide area with remarkably uniform reddish shales and associated sandstones (the "Hongjeom Formation"). Repeated intercalations of thin shallow water marine limestone beds illustrate that uniform platform conditions prevailed in the basin. It may be considered that an important tectonic phase closed the rift domain. Later, after a period of emersion and erosion (Devonian (?)-early Carboniferous), the Sino-Korean 
Polyphase Tectonism in the Ogcheon Belt, Evidence for a pre-Carboniferous Tectonic Phase
Within the Carboniferous-Permian Pyeongan Group, which is mainly located in the NE part of the belt (Figure 2) ..., ,  ,,x,  ,. .... ,,,,, ... ,, . ...... ,o-,,o,.,vo,, ,,,..,.,,c,,,. ,,..,,,.,,,,o Therefore it may be considered that the intracratonic Middle to Late Triassic Indosinian tectonism in the Ogcheon belt (the Songnim disturbance of previous authors) is related to a regional ESE-WNW directed "transpression" regime [Cluzel, 1989a] , that is, clearly different from the D1-2 tectonic event described above.
The first-phase synfolial folds in the Pyeongan Group are refolded by subsequent (post-Liassic) E-W trending, open to gentle postfolial folds (F4 in the Ogcheon Sgr.) [Barrier et al., 1989; Cluzel, 1989b] ; refolding patterns are'spectacularly exposed between Tan'yang and Samcheog and in the northeasterly termination of Ogcheon belt between Jecheon and Gangneung.
In the Yeongweol unit, SE of Jecheon and in Tan'yang area, Ordovician limestones that bear the SO-1 foliation and L 1 linearion, are unconformably overlain by middle Carboniferous shales, sandstones and limestones (Gabsan formation). The subvertical, N-S trending, axial plane foliation of the Indosinian folds cuts across the flat lying SO-1 foliation in geometrical continuity below the unconformity. The crosscutting foliation is coeval to S3 in more internal units. As the D 1-2 deformation is lacking in the Pyeongan group, it may be inferred that the corresponding SE directed ductile stacking is related to a post-Middle Siludan•pre middle Carboniferous tectonic event, the "Ogcheon orogeny" or tectonism [Kim, 1987; Cluzel, 1990 ].
In Late Triassic basins (Daedong Supergroup) two phases of deformation are present [Reedman and Um, 1975; Kang et al., 1986] In the Ogch•n Supergroup, the first post-Liassic phase is not easily decipherable because its kinematic axes are parallel to those of the D1-2 tectonism and close to those of D3. In contrast, the F4 gentle folds obviously correspond to the second post-Liassic phase marked by E-W trending folds (see Table 1 ). Fig. 19 (continued (Figure 20) . The previous authors [Kim, 1970; Reedman and Um, 1975; Hong, 1984] postulate Mesozoic monophase metamorphism; therefore mineral associations related to the D 1-2 and D3 tectonometamorphic events were apparently undifferentiated in establishing metamorphic isograds. Actually, according to our microstructural analysis, and in spite of Indosinian overprint, it appears that only medium pressure type parageneses are related to the D1-2 tectonism.
It is worth noting that, in spite of many petrographic studies, no evidence for high-pressure metamorphism was reported (see, for example, Na [ 1986] ). Our data confirm this point. On the basis of stratigraphic and radiometric evidence, the Ogcheon rift basin was affected by compressive tectonism soon after it was formed. Medium pressure-medium temperature regional metamorphic conditions are consistent with the early closure of an aborted intracontinental rift that involves the overstacking of a previously thinned (i.e., hot) continental crust.
One of the remaining problems is the apparent lack of postcollisional magmatism. Nevertheless, the recent development of systematic Rb-Sr whole rock radiometric method reveals that some of the orthogneisses previously related to the Precambrian basement may be actually middle Paleozoic "S type" granitoids (Jangkye orthogneiss: 370 + 30 Ma, (87Sr/86Sr)i = 0.7111 + 0.0003) [Choo and Kim, 1986 ].
Thus, contrary to the assumptions of many authors (see, for example, Hsii et al. [1990] ) who postulated the occurrence of ophiolite remains and tectonic melanges, the early Paleozoic tectonism in the Ogcheon belt presents all the characteristics of an "ensialic" orogeny (without oceanic suture) that was originated by the closure of an intracontinental rift basin and the subsequent collision of its margins (Figure 20) .
Regional Correlations
Due to insufficient data, correlations with adjacent areas remain conjectural. Some authors speculatively propose an extension of the Qinling belt east of Tanlu fault, south of the Shandong peninsula, with a sinistral offset of some 500 km [Xu et al., 1987] (Figure 1) . Such an extension may likely continue into the pre-Carboniferous Imjingang belt in central Korea rather than in the Ogcheon belt (although Mesozoic wrench faults prevent any direct correlation).
Nevertheless, at present there is no evidence for a large orogen similar to the Qinling belt east of Tanlu fault. Evidence for the subduction of a wide oceanic area is scarce (Shandong peninsula ?), or completely lacking (Imjingang belt), in spite of assertions of some authors who interpreted this latter zone as an oceanic suture [Klimetz, 1987] .
Owing to the paleobiogeographic correlation of its southeastern paleomargin ( ....................... •?-.'•....-.'• i•....-•..::, The subsequent evolution of the Korean peninsula is purely intracratonic as marked by its sedimentary and tectonic characteristics. It was mainly dominated by the reactivation of pre-existing lineaments as a consequence of the peri-Pacific orogenesis.
